The relation between the hypothalamus and thyroid function has recently been discussed by many investigators with consensus of opinions that the thyroid stimulating hormone (TSH) secreted from the adenohypophysis is under the control of the anterior hypothalamus (Greer, 1951 (Greer, , 1952 Bogdanove and Halmi, 1953; Courrier et al., 1949; Cahane and Cahane, 1938; Shibusawa et al., 1955 Shibusawa et al., , 1956 ).
Since TSH thus appears to play a role on the correlation between the hypothalamic neurosecretory material and the thyroid gland, it would be very interesting to know the change produced in these nuclei by the administration of exogenous TSH besides the well known activation of thyroid function. The author carried out detailed experiments to elucidate this point, and succeeded in acquiring observation of interest, as reported below. 3) Paper chromatography of thyroid tissue As shown in Figure  1 and 5) Morphological observation of the thyroid gland As shown in Figure 2 , at the end of 2, 4 and 6 hrs. after the injection, small follicles were numerous, follicular epithelium was increased in height, intrafollicular colloid was sparse, and vacuoles in its periphery were increased in number. Interfollicular capillaries were well developed. In the acinar cells of thyroid gland, there were numerous granules which stained similarly to colloid, and in the basement ends of the cells, relatively large vacuoles were observed ( Fig. 2 B, C and D). At the end of 12 hrs. after the injection, however, stainable granules and vacuoles in the cells disappeared (Fig.2 E) , although the follicular epithelium was high, and the cells were large in size. By contrast, mitochondria were well developed at this time, filamentous ones being more numerous than granular ones, and they were mainly found in the basement ends. There were needle shaped crystals far greater than mitochondria, which were assumed to be the so-called crystalloid. 6) Neurosecretory phenomenon in the hypothalamus (Fig.3) A) The histological pictures of the supraoptic nucleus of the control animals
MATERIALS AND METHODS
The cells of the supraoptic nucleus of control animals killed at every Table 2 . Change in PBI after TSH injection Table 4 . Change in thyroid weight after TSH injection experimental time were relatively large in size, and Nissl substance of the cells was stained slightly violet with CH and phloxine. Gomori-positive granules released into axons arising from the cells in the nucleus were scant, and a few of Herring body were found in the supraoptic nuclear area.The perinuclear clear area was not clearly observed in the cells, and the majority of the cells had mononucleoles in the nucleus. Moreover, red pyknosis was sometimes observed in the nuclear areas. B) The histological pictures of the paraventricular nucleus of the control animals
The cells in the paraventricular nucleus of control animals were stained slightly violet with CH and phloxine in each experiment. CH positive material in the cells was very scant, and it stained slightly violet, and neurosecretory granules in the cells and in the nerve fibers leading from the cells in the nucleus were very small amount. The cells with perinuclear clear area could not be found conspicuously, and the majority of the cells were mononucleolar in the nucleus. Gomori-positive granules in the nuclei and axons leading from them were sometimes observed. C) The histological pictures of animals killed at the end of 2 hrs. after the injection
In the supraoptic nucleus of animals killed at the end of 2 hrs. after the injection of TSH, about one third of the cells were smaller than control animals, and the others were similar in size as control. Nissl substance of these smaller was remarkably increased and stained reddish violet, and that of the other cells were lightly stained violet-blue with CH and phloxine (Fig.3 A) . The increase of Nissl substance of the cells may be considered as the result of activated production due to the injection of TSH (Bargmann,1954) . CH positive granules in the cells of the nucleus and the release of CH positive material into the neuron HYPOTHALAMO-HYPOPHYSEAL THYROIDAL SYSTEM somata were not observed, in spite of increasing of Nissl substance of the cells in the supraoptic nucleus. The histological observations of paraventricular nucleus (Fig.3 F) and the neurohypophysis almost gave pictures as that of control appearances.
D) The histological pictures in animals killed at the end of 4 hrs. after the injection of TSH Some of the cells with the increasing of Nissl substance were also found in such experimental animals,but not so significantly as in animals killed at the end of 2 hrs. after the injection,but the others, the most of the cells, in supraoptic nucleus were histologically observed as well as control animals (Fig.3 B) . Most of the cells in the paraventricular nucleus were generally smaller in size than control animals,and CH positive material in some of the cells stained with CH-P, Nissl substance was remarkably increased in the periphery of the cytoplasma (Fig.3 G) . The Gomori-positive material was slightly increased in a few cells in comparison with controls,in which so called "perinuclear clear area" in the cells of the nucleus was clearly observed, so that Nissl area seemed to be compressed into the periphery of the cells.
Furthermore, CH positive material seemed to be absent in the nerve fibers leading from the cells of the both nuclei. E) The histological pictures of.
animals killed at the end of 6 hrs. after the injection of TSH Cells in the supraoptic nucleus of animals killed at the end of 6 hrs.after the injection were large in size in contrast to animals killed at the end of 2 and 4 hrs. after the injection,but observed to be the same in size as controls and stained lightly violet with CH-P. The amount of CH positive material in the cells was scarcely different from that in controls,and increase in Nissl substance, which could be observed remarkably in animals killed at the end of 2 and 4 hrs., was not observed in the experimental animals (Fig.3 C) . Gomori- Change in 1311 uptake rate by thyroid and serum PBI after TSH injection positive granules in the cells and in the nerve fibers arising from the cells in the supraoptic nucleus could not be observed in the animals killed at the end of this experimental period. Cells in the paraventricular nucleus were almost the same size as animals killed at the end of 4 hrs. after the injection of TSH, and stained violet-blue with CH and phloxine. CH positive granules of those cells were slightly increased, and some of the cells had the so called "perinuclear clear area" in the cells, further, Gomori-positive material was sometimes observed in the neuron somata of the cells (Fig.3 H) . The production of Gomori-positive material in the cells in question and the release of the material into axon were somewhat increased above that of control animals after the injection of TSH. The configuration of the neurohypophysis of animals killed at the end of 4 and 6 hrs. looked similar to the control. F) The histological pictures of animals killed at the end of 12hrs. after the injection of TSH In the supraoptic nucleus,cells were relatively large in size, and stained lightly violet with CH-P,no increase in CH positive material was observed. The histological findings were similar to those in controls (Fig.3 D) .
Though the histological pictures of the cells in the paraventricular nucleus at this time seemed to be similar to that of animals killed at the end of 2, 4 and 6 hrs., characteristically CH positive material or Gomori-positive granule was most frequently observed in the nerve fiber arising from the cells of the nucleus in this experiment (Fig.3 I) . The cells with so called "perinuclear clear area" were most frequently observed in those animals killed at the end of 12 hrs. after the injection of TSH.In connection with the increasing Gomori-positive material in the axon of the cells, it is considered that the appearance of the perinuclear clear area in the cells may be somehow related to the activity of neurosecretory cell. G) The histological pictures of animals killed at the end of 24 hrs. after the injection of TSH The production, and release of Gomori-positive material in the cells of the supraoptic nucleus seemed to be similar to control animals (Fig.3 E) .
In the paraventricular nucleus,CH positive material was often found somewhat increased in the cells even in the nerve fibers leading from the cells in the nucleus in comparison with control animals, but not so remarkably as at the end of 12hrs. (Fig.3 J) . In the neurohypophysis at the end of 12 and 24hrs. after the injection the accumulation of CH positive material was increased above the control.
DISCUSSION
It is well known that the TSH increases the size and number of thyroid acinar cells, the thyroid-plasma iodide gradient, the rate of synthesis of thyroxin, the rate of proteolysis of thyroglobulin,and the rate of transfer of thyroxin from the thyroid gland to the blood stream.In normal human subjects, Stanley and Astwood (1949) have reported that no effect of TSH on the rate of iodide uptake by the thyroid was observed within 8 hrs., but thereafter the uptake accelerated, reaching a maximum at 24hrs. to 48hrs.
In the present study, the differences of iodide fractions of thyroid gland on the paperchromatogram, PBI in blood, and the histological pictures of thyroid between experimental and control animals was observed.The thyroidal 131I uptake of the experimental animals was not different from controls,a result at variance with Stanley and Astwood's reports. On the paperchromatogram, DIT increased about twice in comparison with control at the end from 2hrs. to 24hrs. after the injection of TSH, T3 and T4 also slightly increased after 6hrs. after the injection, and later, PBI in experimental animals slightly increased at the end of 12hrs. or 24hrs. after the injections compared with that of controls. Histologically the increase in the height of acinar cells and number of stainable granules in the colloid, as well as the appearance of vacuoles in the colloid, which were not found in control animals, were observed in experimental animals,but not at 12 and 24 hrs. It was suggested that the synthesis of thyroxin in the thyroid gland was accelerated in the early period after the injection of thyrotrophin, while the release of thyroxin from the thyroid gland was accelerated later.
Although it has not been decided whether the action of neurosecretory material regulating the production and release of TSH in the adenohypophysis is carried through portal vessel or not,many workers agreed in reporting that the hypothalamo-pituitary neurosecretory material and/or the neurosecretory cell activity had certain relationship to thyroidal enlargement or function. Shiozaki (1956) observed that the remarkable occurrence of the cells with so called "red pyknotic nucleus" in the paraventricular nucleus caused by the total thyroidectomy of rats. Shimizu (1959) , performing partial thyroidectomy of rats, showed that both the compensatory enlargement of thyroid gland and the compensatory increasing of thyroidal 131I uptake were parallel with the Gomori-positive material in the paraventricular and supraoptic nuclei. Yamada (1957) reported that the goiter development following the prolonged methylthiouracil administration to rats showed positive correlation with the Gomori-positive material in the supraoptic nucleus. Very recently, Shichijo et al.(1959) also reported that the pituitary thyroid axis was under some neural control of anterior hypothalamus, through the neurosecretory material in the hypothalamic nuclei, showing that the changes of thyroidal 131I uptake during administration of reserpin to rats had a parallel relationship with the secretory activity of the neurosecretory center.
In the present study the Nissl substance of the cells in the supraoptic nucleus was temporary increased in animals killed at the end of 2hrs. after the injection of thyrotrophin, then gradually decreased to the similar level with controls from 6hrs.to 24hrs. after the injection. The temporary increase of Nissl substance of the cells in supraoptic nucleus might indicate that the neurosecretory cells in question reacted the exogenous TSH, considering the fact that exogenous TSH lost the effrectiveness at the end of 6hrs., when Nissl substance also disappeared (Shibata, et al., 1955; Williams, 1955) . The paraventricular nucleus, in which no histological difference was found between experimental and control animals in the early period, was in contrast to supraoptic nucleus. The CH positive material in paraventricular nucleus gradually increased in animals killed at the end of 4hrs. after the injection, followed by a remarkable increase of CH positive materials and the neurosecretory granules in the cells of the nucleus at the end of 6, 12 and 24hrs. after the injection.
In animals killed at the end of 12hrs. after the injection of TSH, the relative increase of the Nissl substance of the cells, the remarkable occurrence of Gomoripositive material in the nerve fibers leading from the cells, and the appearances of cells with so-called "perinuclear clear area", were considered as the results of the increasing release of Gomori-positive material produced in the perinuclear area of the cells in question into axons (Bargmann,1954) . On the other hand, PBI in serum was gradually increasing in the contrast to controls at the time when the exogenous TSH might have been excreted or broken down (Williams, 1955 . Shibata et al., 1955 . The facts observed in thyroid function and the histological observations o the hypothalamus at 12hrs. after the injection were also observed in animals killed at the end of 24hrs. after the injection although less pronounced.
In the present study, it appears that the acceleration of both synthesis and release of thyroxin and the hypothalamic neurosecretory phenomena, especially in the paraventricular nucleus, are related each other, a result at variance with Olivecrona (1957) who reported that there was no relation between the paraventricular nucleus and thyroid gland, especially goiter development.
SUMMARY
The neurosecretory phenomena in the paraventricular and supraoptic nuclei demonstrated by Gomori's CH and phloxine method was studied in relation to the change of thyroid function at the end of 2, 4, 6, 12 and 24hrs.after the injection of TSH.
1) In the cells of supraoptic nucleus, Nissl substance temporarily increased in the early period after the injection of TSH,then rapidly declined to the control level.
2) The production of the neurosecretory material in the cells and the release of the material from the cells into the nerve fibers arising from the cells in paraventricular nucleus were gradually increasing in the later period after the injection. On the other hand,the synthesis of thyroxin in the thyroid was accelerated in the early period and thereafter the release from the gland into the blood stream was accelerated. It seems that the neurosecretory material in the anterior hypothalamus,especially in the paraventricular nucleus, has something to do with the facts that the effect of the exogenous thyrotrophin reaches the maximum after it had been excreted or broken down.
